The genetic structure of metapopulations offers insights into the genetic consequences of local extinction and recolonization. We studied allozyme variation in rock pool metapopulations of two species of waterfleas (Daphnia) with the aim to understand how these dynamics influence genetic differentiation. We screened 138 populations of D. magna and 65 populations of D. longispina from an area in the archipelago of southern Finland. The pools from which they were sampled are separated by distances between 1.5 and 4710 m and located on a total of 38 islands. The genetic population structure of the two species was strikingly similar, consistent with their similar metapopulation ecology. The mean F PT value (differentiation among pools with respect to the total metapopulation) was 0.55 and a hierarchical analysis showed that genetic differentiation was strong (40.25) among pools within islands as well as among whole islands. Within islands, pairwise genetic differentiation increased with geographic distance, indicating isolation by distance due to spatially limited dispersal. Previous studies have shown strong founder events occurring during colonization in our metapopulation. We suggest that the genetic population structure in the studied metapopulations is largely explained by three consequences of these founder events: (i) strong drift during colonization, (ii) local inbreeding, which results in hybrid vigour and increased effective migration rates after subsequent immigration, and (iii) effects of selection through hitchhiking of neutral genes with linked loci under selection. Heredity (2006) 96, 150-158.
Introduction
Metapopulations describe populations structured into interconnected demes with local turnover dynamics of extinction and recolonization. Population turnover can have a strong impact on the distribution of genetic diversity within and among demes and thus on the evolution of populations (Slatkin, 1977; Wade and McCauley, 1988) . This is because turnover often leads to genetic bottlenecks during colonization ('founder events') and because extinction limits the lifetime of individual demes and therefore the time during which subsequent gene flow can equalize allele frequencies. Therefore, in most cases, turnover is expected to increase genetic differentiation compared to similarly structured populations without turnover (Whitlock and McCauley, 1990 ) and this effect is most pronounced when the number of colonizers is small, when local populations are large, and when migration rates are low and spatially restricted (Whitlock and McCauley, 1990; Whitlock, 1992a) .
Another important consequence of founder events is local inbreeding ('drift load'), which in some situations leads to hybrid vigour after immigration ('genetic rescue effect'; Whitlock et al, 2000; Ebert et al, 2002; Saccheri and Brakefield, 2002) . Hybrid vigour increases effective migration rate because it confers a selective advantage to immigrant genes Ebert et al, 2002) . This process, in combination with increased drift during colonization, may contribute to a genetic population structure, in which young populations have a lower local genetic diversity and are more differentiated from each other than older populations (Whitlock, 1992a; McCauley et al, 1995; Nurnberger and Harrison, 1995; Giles and Goudet, 1997; Roach et al, 2001; Haag et al, 2005) .
We have previously found an increase of local genetic diversity and a decrease of genetic differentiation with population age in two coexisting metapopulations of Daphnia species in small freshwater pools (Haag et al, 2005) . Furthermore, in one of the species, hybrid vigour after immigration was confirmed experimentally (Ebert et al, 2002) . In the present study, we carried out a detailed analysis of the spatial structure of genetic variation in these two metapopulations, because the geographic scale at which migration takes place may influence both genetic drift during colonization and selection for immigrant genes due to hybrid vigour. If migration is spatially restricted, genetic drift and consequently genetic differentiation are increased because colonizers of a given pool are likely to be genetically more similar to each other than under the island model of migration, where colonizers are randomly chosen from the whole metapopulation (Kimura and Weiss, 1964; Neigel, 1997) . On the other hand, if migration is spatially restricted, immigrants are also likely to be genetically more similar to the resident population than under the island model. As a consequence, deleterious mutations are less likely to be masked in hybrids, causing hybrid vigour to be less strong for short-distance migrants than for long-distance migrants.
To investigate the spatial genetic population structure, we first assessed the hierarchical population structure of two sympatric Daphnia metapopulations, which are organized on three hierarchical levels: individuals are nested within pools, pools are nested within islands, and islands are nested within the whole metapopulation. In such a system, migration may take place predominantly within islands and only rarely between islands. This would also imply that the ecological dynamics of extinction and recolonization may take place more or less independently on each island, that is, each island would represent a small metapopulation of its own. Second, we assessed patterns of isolation by distance (Wright, 1943 (Wright, , 1946 Slatkin, 1993; Rousset, 1997) both within islands and among islands. Isolation by distance can be caused by spatially restricted migration and is assumed in most ecological metapopulation models (Brown and Kodric-Brown, 1977; Hanski, 1999) . Finally, we compared the spatial genetic population structure of the two species, D. magna and D. longispina, which coexist in our study area and may co-occur even within the same pool ( Pajunen, 1986; Pajunen and Pajunen, 2003) . It has been proposed that the mechanism allowing this coexistence is that D. longispina is a better competitor, whereas D. magna is a better disperser (Hanski and Ranta, 1983) . This would suggest that D. magna should be able to survive in places with larger interpool distances and should, for a given distance, show less genetic differentiation than D. longispina.
We sampled a high number of populations (138 in D. magna and 65 in D. longispina) and used allozymes to assess the spatial genetic population structure of the two species. Sampling of a high number of populations was crucial to achieve high power for the analysis of the hierarchical population structure and of isolation by distance.
Materials and methods
The study system We investigated the genetic populations structure in metapopulations of the filter-feeding freshwater crustaceans D. magna and D. longispina (Cladocera). We studied D. magna and D. longispina that live in rock pools in the archipelago of southern Finland. Rock pools are small water-filled depressions in the bare rock and are often found on islands along the Baltic Sea coast. Daphnia rock pool populations form metapopulation systems, with discrete habitat patches and frequent local extinction and recolonization (Ranta, 1979; Hanski and Ranta, 1983; Pajunen, 1986; Bengtsson, 1989; Ebert et al, 2001 Ebert et al, , 2002 Pajunen and Pajunen, 2003) . In our study area, the average proportion of pools containing D. magna or D. longispina populations in a given year is 18% for D. magna and 17% for D. longispina and the yearly extinction probability is 17 and 16%, respectively. The number of extinctions is, on average, balanced by the number of new colonizations (Pajunen, 1986; Pajunen and Pajunen, 2003) . Even though the two species have slightly different habitat preferences (the pools vary in size, salinity, humic acid content, pH, calcium concentration, etc; Ranta, 1979) , they often occur together (Pajunen, 1986) . The two species have thus very similar metapopulation ecologies.
Both species reproduce by cyclical parthenogenesis, in which phases of asexual reproduction are intermitted by sexual reproduction. In our study area, Daphnia survive the winter as resting eggs. In spring, only females hatch and start to reproduce asexually. Later in the season, environmental sex determination leads to the clonal production of males (Hebert and Ward, 1972; Hobaek and Larsson, 1990) , and subsequent sexual reproduction leads to the formation of resting eggs, which are needed to survive the winter. As resting eggs can only be produced sexually, each hatchling female is the founder of a genetically unique clone. The number of hatchlings in spring is hundreds to thousands and local populations often contain tens of thousands of individuals (C Haag, unpublished results). The length of an asexual generation (hatching to first reproduction) is 10-20 days and there are about 8-12 asexual generations during the season (ca. 5 months in our study area). Resting eggs are also the main dispersal stage, carried passively by wind, water, and birds. Owing to the possibility of clonal reproduction, a single hatchling female from a blown-in resting egg may found a new population, consisting of genetically identical individuals. In such uniform populations, all resting eggs are produced by within-clone mating, which is genetically equivalent to selfing.
The study area and sampling design Our study area is in the archipelago of southern Finland at Tvärminne on the Hanko peninsula (59150 0 N, 23115 0 E; Figure 1 ), where we collected samples of D. magna between 5 June and 23 August 1998, and samples of D. longispina between 22 May and 28 September 1999. We divided the study area in two categories (Figure 1 ). In the core area consisting of 13 islands and a total of 507 pools, we sampled all inhabited pools (19% for D. magna and 13% for D. longispina). In the outer area, which forms a belt around the core area and contains more than 60 islands, we sampled one to four (usually two) populations per island from 23 islands for D. magna (total 63 pools) and from seven islands for D. longispina (total 17 pools). We included only isolated pools, excluding pools receiving water from other pools because they cannot be considered to be independent. Overall, we sampled a total of 138 populations on 36 islands for D. magna and 65 populations on 15 islands for D. longispina, separated by distances of 1.5-8938 and of 6-4710 m, respectively. The geographic location of each pool was recorded using a differential global positioning system (accuracy to the nearest meter). A description of all population parameters used in this study is given in Table 1 .
Collection of allozyme data
Samples were collected with a hand net, with equal effort in all parts of a pool. Samples were brought to the laboratory, where they were kept alive at 121C and at low density to prevent selective mortality. Random samples of usually 22 individuals (range: 8-22 in D. magna; 20-22 in D. longispina) were screened for allozyme polymorphism by cellulose acetate electrophoresis (Hebert and Beaton, 1993) . The following polymorphic loci were studied: aspartate amino transferase (Aat, enzyme commission number EC 2.6.1.1), fumarate hydratase (Fum, 4.2.1.2), glucose-6-phosphate isomerase (Gpi, 5.3.1.9), phosphoglucomutase (Pgm, 5.4.2.2), lactate dehydrogenase (Ldh, 1.1.1.27, only D. magna), malic enzyme (Me, 1.1.1.40, only D. longispina), and a peptidase locus with leucyleglycine as dipeptide substrate (Pep, 3.4.11, only D. longispina).
Data analysis
To analyse the genetic composition of populations, we estimated allele number, allelic richness (El Mousadik and Petit, 1996) , and gene diversity (Nei, 1973) for each locus and for each population, using the program FSTAT (Goudet, 2001) .
We assessed genetic structure by means of F-statistics (Weir and Cockerham, 1984) . We use the subscripts I for individual, P for pool, L for island, and T for total. 'Total' is the total metapopulation, except for pairwise comparisons, where T is the total of a pair of pools or a pair of islands. We first used FSTAT to perform a classical two-level analysis to estimate F PT in order to assess the differentiation among pools compared to the total metapopulation (F PT measures the correlation of genes within pools relative to the total metapopulation). We obtained P-values for F PT by permutation tests (5000 permutation) and confidence intervals by bootstrapping over loci (15 000 repeats).
We used the program ARLEQUIN (Schneider et al, 2000 ) to run a three-level hierarchical analysis. We estimated F IP (the correlation of genes within individuals relative to pools), F PL (the correlation of genes within pools relative to islands), and F LT (the correlations of genes within islands relative to the total metapopulation). This analysis was carried out using the per locus AMOVA function and by averaging over loci by taking ratios of the sums of the variance components (for details, see Giles et al, 1998) . P-values were obtained by 5000 permutations. Using FSTAT, we also tested for differences in F IP and F PL values among islands (5000 permutations). This was only done for the islands, where we had sampled all inhabited pools.
To test for isolation by distance, we analysed correlations between matrices of pairwise F PT values and matrices of pairwise geographic distances and tested their significance with Mantel tests (10000 randomizations), implemented in FSTAT. For islands with Z4 samples, we also tested for isolation by distance within each island separately and used Fisher's method for combining probabilities (Sokal and Rohlf, 1981) to obtain a global test for isolation by distance within islands. Analyses of isolation by distance were carried out with untransformed F PT versus the logarithm (base 10) of geographic distance and with ranked F PT versus ranked geographical distance. Since several F PT values were equal to 1, we could not use F PT /(1ÀF PT ) as suggested by Rousset (1997) .
In D. magna 19% of pairwise F PT estimates were undefined, that is, both populations were fixed for the same, all-homozygous multi-locus genotype and hence expected total heterozygosity H T was zero. Undefined F PT values do not necessarily indicate a lack of differentiation, but can also reflect a lack of resolution due to low marker polymorphism. In D. longispina only 0.2% of pairwise estimates were undefined, and we set these missing estimates to zero, as would be done in Nei's (1987) genetic distance. However, in D. magna, this As these pairs are subsets of matrices, treating them as independent samples would lead to pseudoreplication. However, a Mantel test, which would correct for this, could not be applied because of the missing values. We therefore evaluated the significance of these correlation coefficients as for independent samples, but using a corrected sample size N corr , which was estimated as the number of pools minus one (one less than the number of rows in the matrix), which is the number of independent distance estimates.
To test for within-island isolation by distance, we confined the data set to pairwise comparisons within islands (ie, all pairs with both pools on the same island) and estimated N corr as the number of pools minus the number of islands. This was again equal to the number of independent distance estimates because on each island the number of independent distances equals one less than the number of pools. We evaluated this method using the data set of D. longispina, for which we had obtained P-values for each of eight islands as well as for the overall data set with Mantel tests. We found that Mantel tests yielded in each case lower P-values than our tests based on N corr , and concluded that the latter method is more conservative.
To test for isolation by distance for gene pools of whole islands, we analysed Mantel correlations between pairwise F LT and geographic distance estimated from the logarithm (base 10) of distance between island centres. For this analysis, we excluded monomorphic islands, that is, islands on which only one multi-locus genotype was found.
We also tested whether the average geographic distance between pairs of pools differed between the two species. For this, we used a similar reasoning as explained above for correlations between incomplete matrices. We used a classical t-test, but estimated degrees of freedom and standard errors for this test from the number of pools in each species, rather than from the number of pairwise distances. This analysis was only carried out for the core area, where all existing populations were sampled.
Results
Allele number, allelic richness, and gene diversity for each locus are given in Table 2 . Average within-pool gene diversities were less than half of the total gene diversities, and in no pool all alleles were found ( Table 1) . The metapopulations of both Daphnia species showed a strong genetic differentiation. The overall differentiation of pools compared to the metapopulation (F PT ) was 0.56 for D. magna (bootstrapped 95% confidence limits: 0.49-0.59) and 0.56 for D. longispina (0.41-0.77). The results of the hierarchical analysis are given in Table 3 Table 3 ).
There was only little variation in within-island differentiation among different islands, indicating that the genetic population structure was similar on each of the islands. In D. magna, variation in F PL was marginally significant among islands (P ¼ 0.048), but not variation in Figure 2 ). In contrast, for pairs of pools on different islands, there was no such correlation (Table 4, Figure 2 ). If undefined pairwise F PT values were set to zero, isolation by distance among all sampled pools became significant also in D. magna, but the relationship between pairwise F PT and geographic distance still levelled off after ca. 100 m (results not shown). The gene pools of whole islands (F LT ) showed isolation by distance in D. magna (25 islands), but not in D. longispina (15 islands, Table 4, Figure 3) .
The average geographic distance between pairs of pools in the core area was 911 m in D. magna and 916 m in D. longispina. The difference between the two species was not significant (t-test using log 10-transformed distances, t ¼ À0.38, corrected df ¼ 124, P ¼ 0.70). Neither the geographic distances between pairs of pools within islands nor between pairs of pools between islands differed significantly between the two species, although within-island geographic distances were 27% shorter in D. magna (D. magna: 49 m, D. longispina: 67 m, t ¼ À1.78, df ¼ 111, P ¼ 0.08).
Discussion
Explaining the high levels of genetic differentiation In this study, we found high levels of among-population genetic differentiation in metapopulations of two cooccurring species of Daphnia, corroborating earlier evidence (Korpelainen, 1984; Haag et al, 2005 ) that rock pool metapopulations of Daphnia show strong genetic differentiation. These high levels of genetic differentiation, even among pools only a few meters apart, are likely to have multiple reasons. Yet, we believe that the very strong genetic bottlenecks during colonization represent one of the key factors. Rock pool populations of Daphnia are often founded by very few individuals, sometimes perhaps even by single individuals (Ebert et al, 2002; Haag et al, 2005) . As dispersal is passive, it can be assumed that immigration occurs at a similar rate as colonization (ie, colonization is successful immigration into an empty pool). The strong reduction in population size during colonization leads to strong genetic drift, that is, founder events. In our system, founder events are expected to be particularly important because with high local population sizes and low migration rates, the approach to equilibrium after a bottleneck is slow and because local populations have only a limited lifetime due to high extinction rates (Crow and Aoki, 1984; Whitlock and McCauley, 1990; Whitlock, 1992b) . Founder events are thus expected to lead to high genetic differentiation (Wade and McCauley, 1988) , and this may even be accentuated by spatially restricted migration (Whitlock and McCauley, 1990; Pannell and Charlesworth, 1999) .
Strong genetic drift during colonization coupled with a rapid subsequent increase in population size may also be the reason for strong genetic differentiation in other cyclical parthenogens (eg, Hebert, 1987; Lynch and Spitze, 1994; De Meester et al, 2002) . In cyclical parthenogens, a few or even a single colonizer can rapidly give rise to enormous populations, whereas Correlations between F and the logarithm (base 10) of geographic distance and between rank F and rank geographic distance are given (i) for pairwise differentiation among all pools, (ii) among pools on single islands (only D. longispina), (iii) among pools on the same island (pools within islands), (iv) among pools on different islands (pools between islands), (v) and among islands. Significance of r-values was evaluated by Mantel tests (y), Fisher's method of combining probabilities (w), or by standard correlation analysis with corrected sample sizes (z, see text). N equals number of islands (among islands) or number of pools (all other). N corr equals the number of independent distance observations (only given, where used for test). F equals pairwise F LT (among islands) or pairwise F PT (all other). For island abbreviations, see Haag et al (2005) . *Po0.05, **Po0.01, ***Po0.001.
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immigrants have to compete with the resident population and do not undergo this enormous increase in population size. Due to this, sampling effects on founder allele frequencies can persist for many generations ('persistent founder effects', Boileau et al, 1992; Berg and Lascoux, 2000; Palsson, 2000; De Meester et al, 2002; Gomez et al, 2002) . Persisting founder effects may also cause correlations between observed differentiation and gene flow to be weak in cyclical parthenogens, which may be a reason for weak or noisy patterns of isolation by distance in cyclical parthenogens (eg, Innes, 1991; Lynch and Spitze, 1994; Vanoverbeke and De Meester, 1997) . Besides increased drift during colonization, genetic bottlenecks also lead to linkage disequilibrium, which may have non-neutral effects on genetic population structure. Linkage disequilibrium caused by genetic bottlenecks can persist for several generations and effects of background selection on linked loci may consequently be increased (Charlesworth et al, 1993) . With background selection, neutral alleles change in frequency due to selection at linked loci. In Daphnia, this effect may be especially strong because of genomewide linkage during clonal selection (Vanoverbeke and De Meester, 1997; Berg and Lascoux, 2000; Palsson, 2001) . Linkage with deleterious alleles can also lead to associative overdominance (Ohta, 1971) . Associative overdominance tends to reduce genetic differentiation, whereas background selection tends to increase it (Charlesworth et al, 1997; Palsson and Pamilo, 1999; Pamilo et al, 1999 ) and currently it is unclear which of the two effects may be stronger in our Daphnia metapopulations.
Finally, some of our within-pool samples may have contained multiple copies of the same clones. This is especially likely for populations founded in the year of sampling and for populations sampled a relatively long time after hatching. Inclusion of multiple clonal copies can increase the overall genetic differentiation because of random associations of alleles with successful clones. This is sometimes overcome by including only one individual per multi-locus genotype in each population sample (Sunnucks et al, 1997) , assuming that individuals with the same multi-locus genotype are clonal copies. In the present study, it is likely that this assumption was not fulfilled because the number of hatchlings (founders of unique clones) within the pool is typically large (41000, CR Haag, unpublished results) and the vast majority of hatchlings could not be distinguished by our markers (ie, the number of multi-locus genotypes was much smaller than the number of hatchlings). Thus, exclusion of multiple genotypes would have strongly biased our estimates in favour of rare alleles. Furthermore, allele frequencies in cyclical parthenogens are also influenced by random associations of alleles with successful clones in the previous season and not only by the inclusion of multiple copies. The contribution of clonal selection to genetic differentiation in cyclical parthenogens is thus an inherent property of this breeding system.
Within-island and among-island genetic population structure High levels of genetic differentiation were evident not only among single local populations but also among Genetic structure of Daphnia metapopulations CR Haag et al gene pools of whole islands. This suggests that gene flow between islands is limited compared to that within islands due to larger geographic distances between islands, or perhaps also because of potentially different dispersal mechanisms for within-island and betweenisland migration. Within islands there was a clear pattern of isolation by distance, indicating that gene flow was spatially restricted also within islands. Specifically, most colonizers and most immigrants are likely to originate from nearby pools on the same island. Together, these results suggest that the ecological dynamics of extinction and recolonization may act largely independently on each of the islands ('semi-independent networks'; Hanski, 1998) . Populations structured in this way offer excellent opportunities to study metapopulation processes, because of the possibility to use the islands as unit of replication, and thus to replicate metapopulations. Metapopulations with similar hierarchical genetic population structures have been found in a plant and a beetle species in other archipelago landscapes Giles et al, 1998) . At a larger geographic scale, covering many islands, there was no detectable (D. magna) or only weak (D. longispina) isolation by distance. The relationship between genetic differentiation and geographic distance appeared to level off after about 100 m. This observation may possibly be explained by long-distance migrants having a disproportionately large equalizing effect on gene frequencies among populations (Slatkin, 1985; Nichols and Hewitt, 1994) because long-distance migration may lead to extensive hybrid vigour and therefore substantially increase the effective migration rate Whitlock et al, 2000) . Shortdistance migrants, on the other hand, are likely to immigrate into genetically similar populations and, consequently, hybrid vigour and its effect on gene flow may be less pronounced because homozygous deleterious alleles are less likely to be masked in the resulting hybrids. This mechanism would suggest that the pattern of isolation by distance on a local scale is largely influenced by drift, whereas selection becomes more important at a larger geographic scale. It is currently unknown whether the magnitude of hybrid vigour in Daphnia depends on dispersal distance, but in D. magna hybrid vigour after between-island dispersal increases the effective migration rates manifold (Ebert et al, 2002) .
There are, however, alternative explanations for the lack of genetic differentiation at larger geographic scales. First, at larger geographic scales, levels of genetic differentiation may approach their maximum because as long as some variation is maintained within populations (H S 40), F PT is not expected to tend to 1, even in the absence of gene flow. Second, allozyme polymorphisms at the level of the metapopulation may be maintained by balancing selection. If balancing selection is weak, it may only be effective at large geographic scales because locally the effects of selection are overruled by genetic drift (that is, because the effective size of the metapopulation is much larger than the local effective population size).
Even within islands, geographic distance explained only about 10% of the variance in genetic differentiation. Patterns of isolation by distance in highly structured metapopulations are often highly scattered and, consequently, large samples are needed for its detection (eg, Nurnberger and Harrison, 1995; Giles and Goudet, 1997; Roach et al, 2001; Charbonnel et al, 2002; Massonnet et al, 2002) . This is due to the highly stochastic effect of turnover on the distribution of genetic diversity so that observed correlations can be weak, even if migration rate is strictly negatively correlated with geographic distance (Whitlock, 1992a; . Furthermore, in some metapopulations, including the two studied Daphnia metapopulations, younger populations tend to be more strongly differentiated than older populations (Whitlock, 1992a; McCauley et al, 1995; Nurnberger and Harrison, 1995; Giles and Goudet, 1997; Roach et al, 2001; Haag et al, 2005) . This can induce additional variation around the relationship between genetic and geographic distance. The same is true if environmental factors such as pool volume or salinity affect genetic differentiation. In an earlier study we have tested for such effects, finding increased genetic differentiation between smaller pools compared to larger pools (Haag et al, 2005) . Other tested environmental variables did not appear to have a strong effect. Heterozygote excess within populations On average, there was an excess of heterozygotes within local populations of both species. This was mainly due to six D. magna populations and five D. longispina populations with a F IP of À1, that is, consisting only of heterozygous individuals. This situation may arise either in newly colonized populations that have been colonized by very few (or single) heterozygous individuals or after strong selection for heterozygous individuals, for instance, due to hybrid vigour after immigration (Ebert et al, 2002) . Excluding these populations, overall F IP was nonsignificant for D. magna (average ¼ À0.02, P ¼ 0.32), but still highly significant for D. longispina (average ¼ À0.157, Po0.0001). A potential reason for this may be that D. longispina populations were sampled slightly later in the season, allowing clonal selection to act for a longer period. There was also substantial variation in F IP values among loci. This was partially also due to the populations consisting of only heterozygous individuals and partially due to small sample size at some loci, but had only little influence on genetic differentiation and isolation by distance.
Comparison of the two species
The genetic population structures of the two species were strikingly similar, even quantitatively. Taking into account that also geographic distances between demes and metapopulation parameters (extinction and colonization rates; Pajunen and Pajunen, 2003) were very similar in the two species, our results do not provide evidence for the hypothesis by Hanski and Ranta (1983) that D. magna is a better disperser (ie, has a higher migration rate) than D. longispina. In contrast, geographic distances among pools within islands tended to be lower and genetic differentiation somewhat higher in D. magna than in D. longispina. Overall, the similarities in metapopulation ecology and population genetic structure suggest that extinction and colonization in these two species are governed by similar processes (see also Pajunen and Pajunen, 2003) . How the two species coexist in the same area remains therefore unresolved, although slight differences in habitat preferences are perhaps the most likely explanation (VI Pajunen, unpublished manuscript).
